Introduction: Axonal degeneration and retinal ganglion cell apoptosis in glaucoma is associated with tumor necrosis factor alpha (TNF-α), which is an important pro-inflammatory cytokine. The aim of this study was to determine the association between the risk of open angle glaucoma (OAG) in the Egyptian population and tumor necrosis factor alpha (TNF-α) gene polymorphisms. Methods: Sixty OAG patients and 26 healthy unrelated controls were used to analyze TNF-α polymorphism G-308A using polymerase chain reaction (PCR) and restriction fragment length polymorphism (RFLP). Results: the GG genotype was found at a higher frequency in the controls than in the patients, and the AA and GA genotypes were associated strongly with OAG. Conclusion: In this study, we found that the TNF-α polymorphism G-308A was associated significantly with OAG in the Egyptian population. However, there is a need for population-based studies with large numbers of subjects. Also, long-term follow up is required to verify the association between TNF-α polymorphism G-308A and glaucoma susceptibility.
Introduction
The second leading cause of blindness worldwide is glaucoma, which involves optic neuropathy and the progressive loss of the retinal ganglion cells (RGCs), resulting in visual field defects (1) . Depending on its etiology and the dynamics of the aqueous humor, glaucoma is classified into primary and secondary categories. Further classifications of primary glaucoma are primary open angle glaucoma (POAG) and primary angle closure glaucoma (PACG). Two types of POAG are high-tension glaucoma (HTG) and normal tension glaucoma (NTG), while secondary glaucoma has a second type that is referred to as exfoliation glaucoma (EXG). Open angle glaucoma (OAG) includes HTG, NTG, and EXG, and it accounts for about 90% of the glaucoma experienced by patients (2) . OAG has a complex etiology that has yet to be fully understood. The major risk factor for OAG is elevated intraocular pressure (IOP) (3) . The main goal of currently available drugs is to lower the IOP; however, the progression of the disease may continue in spite of significant lowering of IOP (4) . Obviously, IOP is not the only factor in the pathogenesis of the glaucomatous optic neuropath. Tumor necrosis factor-alpha (TNF-α) is a proinflammatory cytokine with multiple functions in the immune response, and it belongs to the TNF superfamily of 19 different protein ligands (5) . Many studies have suggested strongly the involvement of TNF-α in the etiology of glaucoma (6) . Ischemic or pressure-loaded glial cells could produce TNF-α, which leads to the loss of oligodendrocytes and the subsequent apoptosis of the RGCs (6) . The retina and the head of the optic nerve upregulate the expression of TNF-α and TNF-α receptor-1 (TNF-R1), and the expression of TNF-α and TNF-R1 seems to occur along with the degeneration of the optic nerve (7) . TNF-α is upregulated by the increase in IOP, and exogenous TNF-α also can result in the loss of oligodendrocytes and RGCs (8, 9) . The human TNF-α gene is located on chromosome 6p21.3 (10) . Several functional polymorphisms in the promoter region of the TNF-α gene have been Page 1979 detected, and they have been associated with the risks of glaucoma. The intensively-studied polymorphism is characterized by a G to A substitution at position −308, which could increase transcription six to sevenfold (11) . Other polymorphisms, including −238G/A, −863C/A, and −857C/T also have been investigated. Some studies suggested that the TNF-α −308 A allele was associated significantly with the increased risk of OAG (12) (13) (14) (15) , while other studies have shown no significant association (16) (17) (18) and even reduced risks of OAG (19, 20) . Thus, to investigate the role TNF and the risk of glaucoma, many studies have identified higher levels in the aqueous humor (AH) of glaucoma patients than in controls (21, 22) , but other studies have disagreed with this finding (23, 24) . In this study, the aim was to study the association of TNF-α polymorphism OAG-308A within the Egyptian population.
Material and Methods
This case control study included 86 subjects, i.e., 60 patients who had open angle glaucoma (OAG) and a control group that consisted of 26 healthy subjects. All of the patients were given an ophthalmological examination, and the Research Institute of Ophthalmology conducted the laboratory investigations. The ophthalmological examination included best-corrected visual acuity, slit-lamp biomicroscopy using a 90 D lens, gonioscopy using a Goldmann three-mirror contact lens, intraocular pressure (IOP) measurement using Goldman Applanation Tonometry (GAT), photographs of the head of the optic nerve head, and a Humphrey visual field analyzer (24-2 program). We also collected clinical data, including age, gender, diabetes mellitus, history of intraocular surgery, and any antiglaucoma medical regimen. The glaucoma patients had the typical glaucomatous head of the optic nerve and changes in their visual fields.
Blood samples were withdrawn from all of the subjects. The conventional phenol-chloroform method was used to isolate genomic DNA from peripheral blood. Previous studies have described the polymerase chain reaction (PCR) method (8, 9) . We amplified a 194-bp promoter region where the polymorphism site was located by using primers 5′−AAT GGA AAT AGG TTT TGA GGG T*CA T−3′ and 5′−TCT CGG TTT CTT CTC CAT CGC−3′ in which T* was not in the genomic DNA sequence and was introduced to create a potential BspHI site (10) . PCR was performed in a total volume of 50 μl that contained 5 μl of DNA template, 200 μM of dNTP, 1 U Taq polymerase in appropriate 10X buffer, 1.5 mM MgCl2, and 25 pM of each of the primers. The cycling conditions we used were: initial denaturation at 94 °C for 5 min, 35 cycles at 94 °C denaturation for 30 s, 55 °C annealing for 30 s, and 72 °C extension for 30 s, and we performed a final extension at 72 °C for 7 min. The product was electrophoresed in a 1% (wt/vol) agarose gel, and, after ethidium bromide staining, bands were visualized under ultraviolet (UV) light. To determine the A allele at position −308, we digested 12.5 μl of the PCR product overnight with 10 U of the enzyme, BspHI, at 37 °C and electrophoresed it in a 2.5% (wt/vol) agarose gel. This digestion produced an uncut 194 bp fragment when G was present at -308 position, and two fragments, i.e., 169 and 25 bp, were present when A (TNF2) was present.
We analyzed the data using the SPSS statistical package (version 15), and we expressed the data as mean ± standard deviation for quantitative variables and, for qualitative values, we used numbers and percentages. We used the chisquared test to evaluate the statistical differences between the categorical data, such as gender, genotype distribution of patients, and control groups. The independent sample t test, ANOVA (analysis of variance), and the post-hoc Bonferroni test were used for the normally-distributed qualitative variables, and the non-parametric Mann Whitney test and the Kruskal-Wallis test were used for non-normally-distributed variables. We considered any values of 0.05 or less as being statistically significant.
Results
There were 86 people in the study, 60 of whom were OAG patients and 26 of whom were healthy controls. The mean age of the OAG patients was 47.3 ± 12.7, and the group consisted of 40 males and 20 females. The controls had a mean age of 45.2 ± 12.3 and consisted of 17 males and 9 females. The GG genotype was estimated at a frequency of 87% in the controls and 43% in the OAG patients with an odds ratio (OR) of 8.95 (95% confidence interval [CI] = 4.55-17.81 (Table 1 ). The number of heterozygous and homozygous variant subjects was higher in the OAG patients than in the controls (p < 0.001). The AA variant genotype was detected in 25% of the OAG patients, while it was only 2% in the controls. The GA heterozygous genotype was detected in 32% of the OAG patients, but it was detected in only 10% of the controls. The distribution of allele frequencies (Table 1) of the patients and controls showed that the A allele was more prominent in the OAG patients (41%) than in the controls (8%), and it was related significantly to the severity of the disease, OR = 8.37 (95% CI = 4.78-14.81; p < 0.001). To detect any gender bias, the data of genotype distribution also were stratified with respect to gender ( Table 2) . We considered the data of males and females separately, and he the GA and AA genotypes were associated significantly
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with OAG, (p < 0.001 and p < 0.001, respectively). Also, the variant A allele was more prevalent in both the OAG male and female patients than in the controls (p < 0.001, respectively). The frequency of the A allele was determined to be essentially the same in both genders (40% and 43%, respectively (Table 2) . 
Discussion
Worldwide, glaucoma is the second leading cause of blindness. There is significant scientific evidence pointing to the important role of TNF-α as a mediator of the neuro-degeneration in OAG (3, 5) . TNF-α is considered to be a neuro-protective component of the immune system because it activates the transcription factor NF-κB by binding to the high-affinity TNF receptor (TNF-R2). This mediates the expression of many genes that are important for the survival of neurons. TNF-α also can act as a neurodegenerative factor by binding to the low-affinity death receptor TNF-R1, thereby inducing the mitochondria-mediated apoptotic pathway (25) (26) (27) (28) (29) . Thus, the balance between the two pathways determines the survival of the cell, and adverse effects can result from any shift in balance. An increased expression of TNF-α can shift the equilibrium toward TNF-R1 signaling, as occurs in glaucoma, thereby promoting apoptosis of the retinal ganglion cells. Based on this, an anti-glaucoma drug, known as GLC756, was developed to inhibit the release of TNF-α from activated rat mast cells, thereby promoting the survival of the cells. This has been attributed to the potential neuro-protective role of GLC756, giving it a vital role in the treatment of glaucoma (28) . In this study, we detected a strong association of GA and AA genotypes with OAG, and this suggested that the A allele has a role in the pathogenesis of the disease. Also, in other studies, a strong association of this polymorphism has been observed, but they performed in patients with primary open-angle glaucoma (POAG), and that had a small number of subjects (29) . Although several investigators have been unable to show a significant difference in genotype distribution and allele frequency between patients and control groups, some investigators have successfully detected the functionality of this polymorphism in the reporter gene assays. They have reported significant upregulation, i.e., as much as 500%, in the constructs of TNF1 and TNF2 alleles (30) . Thus, it can be concluded that the transcriptional regulation of TNF-α is essential to overcome the bad effects of overexpression by transcriptional up-regulation. Increased production of TNF, which is associated with G-308A polymorphism, may be important in the initiation of TNF2-associated auto-immune diseases. It may act as a genetic susceptibility factor driven by a high TNF-α expression that would lead to immune responses, thereby causing the onset of various diseases (31) . In a recent study by Sawada et al. (32) , it was determined that the level of TNF-α was significantly higher in the aqueous humor of PEXG patients than in the controls and other glaucoma subtypes, including POAG and normal tension glaucoma. Thus, this is in agreement with the conclusion that TNF-α has a significant involvement in the pathogenesis of the disease. Yu et al. studied the association between the TNF-α −308G/A polymorphism and the risks of glaucoma (33) . In their study, they conducted eight investigations of the association between TNF-α −308G/A polymorphism and the risk of glaucoma (12, 19, 29) . The findings of ongoing in vivo studies have supported that finding that TNF-α and TNF-R1 are up-regulated after experimental elevation of IOP. This indicates that there is a potential link between TNF-α and IOP (5). However, no such association was reported by the only two studies in which the association between TNF-α −308G/A polymorphisms and NTG risks was investigated (18, 19) .
The results of the present study contradicted those of previous studies that have shown no significant association of the TNF-α polymorphism G-308A with OAG (26, 27) . Agarwal et al. (3) detected that the G to A transition at position -308 results in a six-to sevenfold increase in transcription of TNF-α as compared to normal basal level transcription. Thus, they observed increased levels of TNF. In Razenghinejad et al.'s study (13) , they observed a significant association for G-308A polymorphism between OAG patients and controls, and our results agreed with this finding. They also noted that the genotype frequency became statistically insignificant for females when the data were stratified according to gender, and they attributed this observation to the unequal numbers of each gender in the study. In this study, even after gender-wise stratification, it was found that both the genotype frequency and the allele frequency remained significantly associated with the disease. This may be explained by the fact that gender matching was better in this study, and this emphasizes the importance designing genetic association studies very carefully.
Conclusions
We found the A allele of the TNF-α polymorphism G-308A to be associated strongly with the pathogenesis of OAG. Therefore, we proposed that the GA and AA genotypes of the TNF-α regulatory region can be considered to be genetic markers for the stratification of OAG. Patients with OAG may have higher TNF-α levels in AH than the controls, and this supports the important roles of TNF-α in the development of OAG. Since potential confounders could not be completely ruled out, population-based studies with a larger number of subjects and long-term followup are required to verify the association of TNF-α polymorphism G-308A with the susceptibility to glaucoma. Such studies may provide a new approach for the management of glaucoma and result in improved visual field outcomes.
